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CHAPTER I
INTRODUCTION

CHAPTER I

INTRODUCTION
Definition of Multi-Sensory Aids -- In the broad
sense, multi-sensory aids! Include all materials which
lead to learning through contact with two or more of the
senses.

Any teacher who uses the chalkboard, pictures,

objects, sketches, a globe, and the like is using multisensory aids to give meaning where he thinks verbalization
is inadequate.

In surrounding himself with such tools,

the teacher has acquired some of the most efficient instru¬
ments for creating vividness and concreteness for the child
in his attempts to learn.
Educators, as a result of the findings of experi¬
mental research, are beginning to concern themselves with
the development of the whole child.

His skills, habits,

attitudes, and abilities, as manifestations of the senses,
are important parts of this growing organism.

However, it

has been only during the last thirty years that multisensory aids in education have gained in popularity.
Purpose of the Study — Multi-sensory aids provide
a common, concrete experience out of which meanings may be
developed and upon which the progressive levels of the
development of the whole child may be built.

It is the

(1) This term first appeared in the Eighteenth
Yearbook of the National Council of Teachers of Mathematics
wMulti-Sensory Aids in the Teaching of Mathematics,l.
New
York: Bureau of Publications of Teachers College, Columbia
University, 1945-

aonoit of 'tills problem to devise e&sy-to-naie, Inexpensive
multi-sensory aids for the enrichment of third grade arlth■etle.

Tne third grade has been chosen because of its mid¬

dle position in the elementary curriculum and so as to de¬
limit the area cf arithmetic to be covered,

nevertheless,

aarj of these devices nay be used throughout the elementary
grades, as they are, cr with variations.

It is hoped that

this study mill help to suggest to third grade teachers, as
veil as the teachers of the other elementary grades what can
be dene with cardboard, scissors and paste, and materials at
hand.
Significance cf the Study —

A child nay be exposed

to nary lessens bet little learning results unless he is
really interested.

Children are curious.

Ihey are puzzled

about apparatus and natsrials which are unfamiliar to them.
7or this reason multi-sensory materials are used often as
motivating devices in teaching.
Tne quality of multi-sensory material Is an impor¬
tant factor.

It should aim directly

at the content of the

instructional procram and present specifically the facts
and relationships which the teacher wants his pupils to re¬
member.

The aid need not be expensive.

Xlli bottle caps,

stones, and sometimes the children themselves can serve as
examples for tne explanation cf abstract concepts.
"The frequent use of audio-visual instructional

4materials with young children is based on a
belief that they should be introduced to ver¬
bal abstractions only when their experiental
background is such as to make the words meaningful."2
Multi-sensory aids do notteach.

They assist the

skillful teacher in attaining the goals of education.

The

teacher is the crux of the situation, and he must see that
the material has an air of reality for the pupils.

With¬

out realism the aid could result in wrong information.
Multi-sensory materials are vital teaching tools.
Proper training in their use is vital if a full, rich mean¬
ing is to be given to the currioulum units which constitute
the child*s guide to the world In which he lives and which
prepares him to live a full,rich and complete life in that
world.
According to Foster S. Grossnicklei
”... a program which stresses meaning and
understanding of arithmetic processes provides
for manipulation, visualization, and symboliza¬
tion. ”5
By the end of World War II, Americans had begun to
realize the importance of arithmetic in modern living.

It

was noted that arithmetic was a prerequisite to many of

(2)
Brown, James W. and VanderMeer, A. W., ”School
Use of Audio-Visual Instructional Material”, The FortyEighth Yearbook of the National Society for the Study of
Education. Far£ T~ Audio-Visual Materials of Instruction.
GhicagoJ The University of Chicago Press, 1949* p* 39*
(5) Gro8snlckle, Foster E., ”From Fruit to Fractions”,
N£A Journal. Vol. 42, No. 5* pp. 286-287*
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the skills required by the Armed Forces,

Civilians on the

home front were faced with rationing, price controls, ceil¬
ing prices and other aspects of wartime economy.

These two

factors resulted in the extension of elementary mathematical
learning during the past decade.

Today Mr* Average Citizen

is confronted by income taxes, budgeting, and the problem of
efficient spending.

He must read and interpret newspaper

charts and graphs and countless other data in order to be a
well-informed citizen.^
But we must remember that Mr. Average Citizen wasn’t
always an adult.

As a child he learned the fundamentals of

arithmetic in the classroom.
ten forgotten*

The facts were drilled and of¬

Unless he was one of the luckier ones, those

endless multiplication tables held little meaning.

Through

the realization of the importance of arithmetic on the part
of educators, his children are being taught a new type of
arithmetic.

They are being taught a brand of subject matter

which is meaningful.
Life today is more complex than ever before.

We

have the atomic bomb, the H bomb, the radio, television,
jet planes, and countless other new Inventions which intro¬
duce many new words and concepts Into an already overwhelm¬
ing vocabulary.

The world is becoming more Compact, giving

(4) Huggett, Albert J., and Millard, Cecil V.,
Growth and Learning in the Elementary School. Boston*
D. C. Heath and Company. 194^• p. 173•
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rise to the need for teaching more material In schools than
was necessary years ago*

The Individual must have more

knowledge, understanding, skill, and experience to live com¬
petently In today’s world.

Schools have to teach more and

better than ever before and to do so they must make exten¬
sive and intensive use of multi-sensory materials.
In the opinion of several authorities color, in it¬
self, can be an invaluable aid to greater comprehension and
thus qualify as one of the multi-sensory aids.

Publishers of

arithmetic textbooks are becoming more color conscious.
Color can be used to make the textbook illustrations life¬
like as well as attractive.
charts and graphs.

Color can be used to illustrate

It may also be used to focus pupils' at¬

tention on each step as a new arithmetic process is explained.5
With this in mind, color has been made an Integral part of
this problem.
Stokes suggests that the teacher should make avail¬
able to the child aids which may be handled.
... For some children this seems to be the
most dynamic type of aid.
If they can come for¬
ward and manipulate the objects lying or standing
on the teacher’s desk or on a table, they gain
something that visual perception alone does not
give them."6
It should be noted that most of the devices here

(5) Grossnickle, F. E., "Illustration in Arith¬
metic Textbooks". El. Sch. Jour., XLVII.
Oct. 1946. pp.
84-92.
(6) Stokes, C. Newton, Teaching the Meanings of
Arithmetic. New York: Appleton-Century-Crofts, Inc.
1951. p. 54, 531 pp.

-7presented may be used by the children as well as the tea¬
cher.
Multi-Senaory Aids as Practice Devices — The words
"drill11 and "practice" are often used interchangeably to sig¬
nify the

repetitive processes which are needed for learning

to take place.

Traditionally, drill has meant the routine

application of Thorndike1© "Law of Exercise" by having the
pupil repeat again and again a particular task in the belief
that sheer repetition of response oalkd forth a special
stimulus, such as 2 + 3 = 5» guarantees learning.

Drill in

this sense is regarded as more or less mechanical in nature,
and little is done by the teacher to make the prodedure vital
and meaningful to

the learner.

Practice implies a different concept of the nature
of learning and of the

functions

of repetitive processes.

In this theory it is maintained that the repeated contacts
the learner has with number processes in a variety of situa¬
tions and in different contexts provide the most valuable
kind

of repetitive experience.

Systematic practice with ab¬

stract numbers is as essential for the mastery of basic
facts as concrete experiences are for making numbers func¬
tional.
With this in mind, the teacher can make the "prac¬
tice" of these concepts more enjoyable and meaningful
through the use of multi-sensory aids ©specially designed

-e-

to serve a particular need or explain a particular fact.
The practice should be varied and abundant enough to
achieve the desired ends.

It should not be continued af¬

ter its objectives are attained (unless for an occasional
review), nor should it be required of those children who
already possess the desired understandings and abilities.
... children are not necessarily unintelli¬
gent or indifferent when they fall to learn
arithmetic as well as you think they 3hould.
Perhaps they are not well taught. Perhaps
they must be given more concrete arithmetic
experience and a great deal more help in gen¬
eralizing than you thought neoessary. You
may be sure of one thing; If arithmetic makes
sense to your pupils, it will probably be re¬
membered.
If it does not, It will probably
be forgotten. And by providing sense experi¬
ence, you help arithmetic to make sense to
pupils — which is another way of saying that
concrete experiences will help to make mean¬
ingful to pupils the highly abstract subject
matter of arithmetic.7

ing.

(7)
Dale, Edgar, Audio-Visual Methods in Teach¬
New York; The Dryden Press. 19^6. pp. 30-31, 54-6 PP*

CHAPTER II
STATEMENT OF PROBLEM AND OUTLINE OF PROCEDURE

CHAPTER II
STATEMENT OF PROBLEM AND OUTLINE OF PROCEDURE
Statement of the Problem — Most teachers in our
elementary schools today are aware of the advantages of
multi-sensory aids to classroom teaching.

Many of these

same teachers find themselves with too limited budgets
for commercial games, and suppose that they are not artis¬
tic or inventive enough to devise the necessary items.

It

is the purpose of this problem to construct a group of
easy-to-make, inexpensive aids which may serve as guides
and suggestions to teachers who might think that such de¬
vices would be too difficult or too costly to make.
These multi*sensory aids have been constructed on
the third-grade level because the third grade is the first
time that all the primary facts have been presented, and
primary facts always seem to need a large amount of prac¬
tice.

Nevertheless, as was mentioned before, these devices

may be used easily on other grade levels as well either for
slow learners, or as review, or on the lower grades for
number, addition, and subtraction skills.
There has been no attempt to make a device for
every important concept.

Some areas, such as the value of

money and reading a thermometer are best taught by using the
"real thing," although mock-ups are often used to enrich
these concepts.
In order to have some general idea of the value of

-li¬
the Be devices In the classroom an "opinion" evaluation
sheet was prepared.

This was used by two groups, a group

of elementary school practice teachers and a group of ex¬
perienced elementary school teachers, and checked by them
as to the expected performance of each aid in their class¬
room.
Materials Used in the Study — The twenty-two
multi-sensory devices were constructed by hand from card¬
board, composition paper, water colors, crayon, India ink,
enamel paint, fasteners, staples, glue, adhesive tape,
photographic tape, hangers, clothespins, fishing sinkers,
and milk cartons.

An eight-question checklist question¬

naire (see Appendix I) was used by both groups in the opin¬
ion evaluation.
General Procedure — So that Interested teachers
might have some idea about the possibility of using each of
these devices in the classroom, it was deemed necessary to
'

'•

*
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have some type of an evaluation of these items.

Because

of the gargantuan feat which would be required to get
each of these aids evaluated in actual classrooms it was de¬
cided that experienced teachers would be able to give sug¬
gestions as to the value of each, if such a meeting could
be arranged.

To make the evaluation uniform and not too

lengthy, an opinion questionnaire was devised which would
incorporate such qualities as ability to teach the concept

12-
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for which each was designed, ease of manipulation, eye
appeal, durability, and so forth.
When the devices were finished, arrangements were
made with Miss Ann O’Donnell, Instructor in the Department
of Education, to meet with her eleven practice teachers.
Through correspondence with Dr. Holland R. Smith (see
Appendix II), Co-ordinator of Mathematics of the Springfield Public Schools, another date was set for a meeting
with thirty elementary school teachers.

The devices were

presented to each group with an explanation of how they
were made, and their suggested use and presentation in
the classroom.

Each device was evaluated by each teacher,

using the questionnaire.

These results were incorporated

in Chapter IV.
Limitations of the Study — Because of the over¬
whelming amount of time and effort which would have been
required, a complete evaluation of these devices could not
be carried out.

A more accurate estimation of the value

of each of these devices might have been carried out if
duplicates of each aid had been made, used, and evaluated
by each teacher in her classroom, using control groups
and standardized tests to measure achievement with and
without the devices.
Moreover, no device described here la considered
to be the ultimate aid in teaching its particular concept.
Multi-sensory aids must be used i|i addition to good teach¬
ing to insure adequate learning.

One of the advantages

13-
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of multi-sensory aids lies in the newness and mystery of
each at its first presentation, and a teacher*s enthusiasm
almost insures its acceptance by
a long process;

the class.

Practice is

these devices were designed to make it a

shorter one.
Another point should be stressed.

It is quite pos¬

sible that a teacher would not use all these devices during
a single school year.

Multi-sensory aids such as these

should bd used as the need arises, and in a single class¬
room over a period of years the devices which are used should
vary as the class varies.

The wide range of arithmetic dif¬

ficulties which occur within a given classroom require many
different types of aids.

This problem is by no means com¬

plete as to the unlimited types of devices which may be sug¬
gested to the teacher as he attempts to meet student needs.
Nevertheless, it is hoped that this problem will make clear
the ease with which many types of multi-sensory aids can be
*

made and used in the elementary classroom for the enrichment
of arithmetic.

f
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CHAPTER XII
OVERVIEW OF THIRD GRADE ARITHMETIC
General Objectives — "Arithmetic should be mean¬
ingful#

Arithmetic in the elementary grades should be

transformed from a mechanical formal school subject into a
practical instrument for dealing with the everyday problems
in the world outside the classroom through the development
of meaning#

The child derives little permanent value from

the study of arithmetic unless he understands the subject#
Knowing why and when to perform an arithmetical operation i
as important as knowing how to perform it, for without such
knowledge a person is at a loss to solve the problems with
which he is confronted.
"Arithmetic should be based on pupil experience#"1 2
The child who understands what is taught learns faster and
retains it longer.

The child learns by doing.

What he ex¬

periences at home and in school has much more meaning, for
him than mere words on the page of a textbook.

It is the

duty of the teacher to bring the printed page within the
child*s realm of experience.
"Arithmetic is an orderly, cumulative system of

(1) Clark, John R., Baldwin, Ruth I, and Clark,
Caroline Hatton, Arithmetic for Young America* Teachers
Manual Grade Three# Yonkers-on-Hudson: World Book Company,
Publishers.
1949. p# 1#
(2) Clark, John R., Baldwin, Ruth I#, and Clark,
Caroline Hatton, Ibid. p. 1

-16related ideas .*’3

In it one concept leads to, builds upon,

or enlarges another*

Here processes are interrelated, and

are not separate operations.

Without well-directed, continu¬

ous attention to relationships there can be no real mastery
of the subject for use.
Bearing in mind these three principles, it is the
teacher*8 Job to use experiences which are natural to the
children on this age and grade level as a means of showing
them that there are further needs for number than they ex¬
perienced in Grades I and II, and to develop these experi¬
ences in such a way that the child is led to realize the
necessity for quick and accurate use of the primary number
facts and processes.

The teacher can show the child, by ex¬

perience ,that the quickest and most accurate use of the
primary number facts requires 100 per cent mastery, which can
be gained only by practice.

But he must also remember that

the specific number combinations mastered will vary with
the ability and the preparation of the individual child.
The teacher must work carefully to develop the use
of the number concept in such a way that there will be nat¬
ural growth into the further activities of higher grades.
The method of presentation of new work should emphasize the
meaning of the process being learned.

For this reason, the

(3) Clark, John H., Baldwin, Ruth I., and Clark,
Caroline Hatton., Ibid. p. 1.

17
rate of presentation should be gradual, not rapid, so that
the teacher can be sure that a sound foundation Is laid*
Specific Objectives — The following objectives
are compiled from a review of the third grade textbooks
N£w Standards i£ ArlthmoUo,4 5 Uvlty Arithmetic,- ArlthmoUQ
1°E Xomiy. America.6 7 Arithmetic.'1 Ar^ttimetlc We Use,8 Growth
lu Arithmetic.9 and i&fclflg. gagg

SL Arlthmetlo.10

Wherever

a particularly pertinent technique Is used, the specific
textbook has been cited*

The remainder of the material rep*

resents the type of arlthmetlo most frequently presented In
these third grade books*
Number Concepts*

One of the first mathematical du¬

ties of the child in the primary grades is to understand the
Importance of the number 10 and of place value in our number

(4)
DeGroat, Harry DeW., end Young, William E.,
New Standard Arithmetics* Grade Three* Syracuse*
Iroquois
Publishing Company, Inc* 1938*
(5)
Buswell, Guy T., Brownell* William A*, and John,
Lenore, Living Arlthmetlo» Grade Three. Revised Edition*
Boston? Ginn and Company* 1947#
(6) Clark, John R*, Baldwin, Ruth I*, and Clark,
Caroline Hatton, on. olt*
(7) Upton, Clifford B*, Arlthmetloi
Boston* American Book Company* 1951*

Grade Three*

(3)
Brueckner, Leo J*, Grosimlokle, Foster E*, and
Merton, Elda L*, Arithmetic We Use > Grade % Philadelphia*
The John C. Winston Company. 1948*
(9)
Clark, John R*, Junge, Charlotte W*, and Moser,
Harold E. Growth jyi Arlthmetlo * Grade Three* Yonkers-On-Hudcon* World Book Company* 1952.
(10) Morton, Robert Lee, Qray, Merle, Sprlnstun,
Elizabeth, and Sohaaf, William L*, Making Sure
Arithmetic*
Grade Three* New Yorks Silver Burdett Company. 1946

-18system.

The teacher aids the child In the systematic In¬

struction In place value of units, tens, hundreds, and
beyond If necessary.

The teacher should make sure that the

child understands the meanings of number.

For example, ac¬

cording to the addition concept the number 19 is 10 + 9*
16 + 3* 15 + 4, and so forth.

According to the subtraction

concept it is one more than 18, two more than 17, and so
forth.

The child can show that it has position in a series.

It is the number that comes before 20.

It Is also the num-

i

ber that comes after 13.

Nineteen may mean a collection of

children, blocks or beads.
Using charts, like the Number Chart (Fig. 6) the
teacher can help to enrich the meaning of each number*

Such

questions as "Where is 54," "What number comes after 33,"
"What number comes between 46 and 43," and "What number is
3 tens and 1" may be asked about this device.

Place value

may be emphasized by counting, pocket devices, and by using
bundles of ten sticks, matches, or dowels.
The program of Growth in Arithmetic11 attempts to
extend the third grader*s number concepts through practice
in grouping and regrouping, with the aid of objects, pic¬
tures, toy money and finally number symbols.

Each new

learning step grows out of and becomes an extension of the

(11}
Clark, John R., Junge, Charlotte W., and
Moser, Harold E., od. clt.

-19
previous learning.

12

The meaning of place value le aided

by the Ten-Tens Counter, the Number Soale, the Hundred
Chart, toy money, and so forth.

The pupils work with

familiar dimes and cents before computing with abstract
tens and ones.

Zero is taught both as a place holder and

as a digit meaning "not any."^
Children usually have difficulty in grasping the
idea of "how many” concerning numbers over 100.

By the

use of small objects and counting it is possible to make
this concept much more vivid.

Arithmetic for Young America^

offers a series of postage stamp problems which would serve
as an excellent basis for the use of the stamp sheets (Fig.
21, Fig. 22).

The authors also suggest the use of the

abacus for enriching the concept of place value.^

The

fora which they use is a bead frame containing ten rows with
ten beads on a row.

The bead frame is the modern successor

of the sticks wrapped in bundles of ten.

The meaning of

13 may be relearned by the placement of a card on the bead
frame, covering up the other beads.

A child should inter¬

pret a two-place number such as 37 as three 10's and 7*

(12)
Ibid, pp. 5-9. 31-33, 89-90, 126-128, 214215, 234-235, 2557
(13)

Ibid, pp. 14-18, 40-48, 69-72, 126-134,

222-224.
(14) Clark, John R., Baldwin, Ruth I., and Clmk,
Caroline Hatton, ££• clt. pp. 51-52.
(15) Ibid, pp. 4-5.
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Emphasis upon this interpretation tends to prevent the
writing of transposed digits, a disability not infrequent
among primary grade pupils#
cure.

Prevention is much easier than

Bead frames of this type are sold by most school sup¬

ply houses.

The Clothespin Hanger (Fig. 9) la designed to

serve as a twenty-object abacus for the learning of teen
numbers.
Heading and Writing Numbers:

Every third grader

should have practice in reading and writing number names
and Arabic symbols, and building the correct associations
between them.

For most pupils the number names are more

difficult than the Arabic symbols.

A good way to practice

the correct association between an Arabic symbol and a num¬
ber name is by a matching game with the numbers in on© col¬
umn and the Arabic symbols in another.
The child should begin to learn ordinal numbers
too.

An ordinal number indicates the position of an object

in a series or grouping, as, for example, the first boy in
the fifth row is absent today.

Children have many uses for

ordinals as well as the cardinal numbers.

They can learn

how to read house numbers as an introduction to three-place
numbers.16

Numbers are also used on book pages and telephone

numbers.^

Automobile license plates have numbers.

(16)

The

Upton, Clifford B. ££• clt. p. 79*

(17)
Brueckner, Leo J., Grossnickle, Foster E. and
Meron, Elda L., o&. clt. p. 147*
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child has to be able to use numbers in informational read¬
ing (distances, populations, and so forth) and in checking
hi8 change at the corner store.

The writing of numbers can

be made more meaningful when presented by means of such ex¬
ercises as the following:
There are 173 children in this school.
number.

Write the

Our room milk bill for the week was #4.32.
this amount.

Write

Write the number that means 10 and 8 more.
Write the number which comes before 80*
The teacher should insist on well-formed figures, good spac¬
ing, and straight column arrangement, since each of these is
an important factor in preventing careless errors later.
Addition:

This phase of the arithmetic program should

have a background gained by instruction for the meaning of
addition as a result of counting and handling objects in the
experience program.

The teacher should not assume that

third grade children know all the addition facts because they
were presented in earlier grades.

Addition should have

three stages of development — namely, the concrete, the
semi-concrete, and the abstract.

Arithmetic for Young

America^ provides for this in one lesson, for example, by
working first with brothers and sisters, then the pictures

(18) Clark, John R., Baldwin, Ruth I., and Clark,
Caroline Hatton, go. Pit, p# 10-11.
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of brothers and sisters, and finally the number symbols
themselves.

A discussion about
the number of members In
)

each child*s family would serve to make this lesson even
more meaningful.
Dimes and cents may be used to Introduce the addi¬
tion of two-place numbers without carryingSince pupils
know the relation between cents and dimes, they will have
little difficulty In the relationship between the numbers
in the l*s and 10*s place.

It would be helpful here to

refer back to the Number Chart (Fig. 6) in making additions
such as 25 and 10, 25 and 11, 25 and 12, and so forth.
During the third grade the children*a vocabulary
associated with addition is slowly being increased.

Many

equal ways of suggesting and writing the operation of addi¬
tion should be used such as add 6 and 3» find the sum of
6 and 3# 6 plus 3,6and 3 more, 3 added to 6, 6 added to 3*
and find the total of 6 and 3*

Attention should be given

to building concepts which imply addition.
implies doing an addition.
dition.

"Finding a score"

"Total score" also suggests ad¬

The Addition-Multiplication Target (Fig# 1) may be

used to make this concept more meaningful.

Other games re¬

quiring scoring are often played in school, either during
recreation periods in the school building or on the playground .

(19)
DeGroat, Harry DeW., and Young, William S.,
op. clt. p. 37#

-23Taschers in charge of these games should be as oonoerned
with the problem of successful scoring as with the physi¬
cal aspects of the game.
Zero combinations are a source of difficulty to
most pupils.

For that reason, the teacher should take

particular care in explaining these.

The teacher might

place four piles of books before the children, each pile
containing two books.

To the first pile she might add

three books, to the second pile two books, to the third
i

pile one book and to the fourth pile no books.

After the

number of books are added in each case, the children
should repeat each addition fact such as those illustrated
in Making Sure of Arithmetic.^
Adding by endings is another concept which is ex¬
panded in the third grade.

In adding 23 and 6, one may

think, "Since 3 and 6 are 9# the sum ends In 9 and hence is
29*"

In adding 34 and 9, IT the child thinks,

‘’The sum of

4 and 9 is 13, hence the sun ends in 3 and the tens digit
must be one larger than the tens digit in the 34,” one is
also adding by endings.

In the first example there is no

bridging since the 3urn is in the same decade as the larger
number.

In the 3eeond example there Is bridging; the sum

lie3 in the next decade above the larger number.

Growth

(20) Kortcn, Robert Lee; Gray, Merle, Springstun,
Elizabeth; and Schaaf, William L. ££. olt. p. 142-144.
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in Arithmetic2^* suggests the use of a poster chart similar
to the Number Chart (Fig. 6) for showing the relationship
between 14 + 3» 24 + 3, 34

+

3» and so forth.

Practice in

adding by endings may also be given by writing a one-place
number on the board and dictating various two-place numbers
to be added to it.

The three main uses for adding by end¬

ings are to be found in counting, column addition, and car¬
rying in multiplication.
In doing column addition, the pupil should think
*2 and 4 are 6, and 3 are 9" and write the 9.
not think '*2 and 4 are 6, and 6 and 3 are Q."

He should
The teacher

should have the children acid by thinking aloud in order to
determine whether their method is the economical way of
thinking described above.

In the last step of the addition

the pupil Is adding an unseen number 6 to a seen number 3*
This is harder than adding two seen numbers, and slow pupils
may need help in imagery.

The Addition-Multiplication Tar¬

get (Fig. 1) is a good practice device for column addition
when three beanbags are used.
When teaching carrying in addition, Arithmetic for
Young America^2 uses concrete objects such as money.

In

teaching how to add 27 cents and 35 cents the teacher should
have 2 dimes and 7 pennies, and 3 dimes and 3 pennies.
Then the 3 pennies and the 7 pennies are added and the

(21) Clark, John R., Junge, Charlotte W. and Moser,
Harold £• 0£ clt. p. 96.
(22) Clark, John R., Baldwin, Ruth I. and Clark,
Caroline Hatton, op. ell,. p. 127*

-25children can see the 12 pennies*

Under the teacher's

guidance, one ohild may suggest that the pennies be
changed to 1 dime and 2 pennies*
removed and a dime substituted.

Ten of the pennies are
Then the number of dimes

and the number of pennies involved can be found by actual
count*

The teacher should stress the point that there is

one more dime in the total than there was originally in the
addends.

The Secret Square (Fig. 23) combines column addi¬

tion with carrying.
Subtractions

Knowing an addition fact should be

useful in relearning the two related subtraction facts.
Children should not think that subtraction is like addi¬
tion but be aware of the contrast between the two operations.
This is the principal reason for starting subtraction with
the take-away or separation idea.

Pupils will now meet

both operations of addition and subtraction in problems
and exercises and will need to understand the problem to
determine which operation is called for and to watch the
signs.

Devices such as Man in the Moon and Cinders the

Clown (Fig. 24, Fig. 25) may be used for seat-work practice
at this time.
The form of subtraction problem where it is nec¬
essary to find how many more are needed is often difficult
for the child to understand.

The wording of this form of

subtraction often causes it to be confused in the child's
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mind .

Arithmetic^

uses colorful descriptive pictures

which illustrate the problems which are designed to give
practice in the additive form of the easier subtraction
facts*
Through the use of the cents-dimes relationship
the child can understand the borrowing process in subtrac¬
tion.

It might be helpful to illustrate on the chalkboard

the dimes and pennies from the semi-concrete to the ab¬
stract.

In working the more difficult examples of arith¬

metic, the child should circle any example which he cannot
check.

This will save the teacher time in discovering and

correcting difficulties.
Children should have no difficulty in subtracting
money in decimal form after they have acquired the correct
habits in the addition of money in similar form.

The im¬

portance of checking should be emphasized in connection
with this work.

Examples written in horizontal form re¬

quire accurate copying, including the proper placement of
digits and the decimal points, and recognition of the fact
that the dollar sign is not written with the subtrahend in
the completed example.
Pupils who understand do not make errors in sub¬
tracting zero from a number.

(23)

Enough time must be spent to

Upton, Clifford B.

c£t. p. 22-23.

-27develop these facts clearly*
than eradicating them.

Preventing errors Is easier

In an example such ass

#3.00
-1-37
some teachers encourage pupils to cross out the 3 and the
zero in the tens place, replacing with a 2 and a 9, so that
0

they will have visual help in remembering what numbers they
are subtracting from.

This is a memory crutch and should

not be used unless absolutely necessary.

If possible, they

should make a mental picture of the borrowing process.
Multiplications

Arithmetic for Young America

OA

introduces

multiplication by combining fives in finding the number of
cents in one nickel, two nickels, three nickels, and so forth.
In addition to emphasizing the number of cents in various
numbers of nickels, there is emphasis upon the analysis or
pattern of thinking to be used throughout multiplication
with a transition from four nickels or 20 cents to four
5*s are 20.
The transition from saying "the sum of three 5*0
arranged in a single column is 15M to saying "3 times 5 is
15" i» thought to be easy and natural.

In writing 3x5#

the child visualizes 5 and 5 and 5# or that 5 1b repeated
three times and reads it "three times five," the 3 being
the multiplier.
The third grade ohild sometimes finds difficulty

(24) Clark, John R., Baldwin, Ruth I. and Clark,
Caroline Hatton, ££• olt. pp. 185-187•

In carrying in multiplication because in his addition habits
the carried number has always been added immediately*

In

multiplication the carried number must be added after the
multiplication*

For example, in finding 6 x 13, after hav¬

ing written 8 in the answer, the child thinks, "Six 1*8 are
6 and one to carry is 7»n
Divisioni

Finding how many nickels one can get for

any number of pennies calls for understanding of one of the
meanings of division*

To find how many groups of five pen¬

nies there are in a group of twenty pennies, it is necessary
to divide 20 by 5t

Saying that there are two 5*a in 10,

three 5*s in 15, is practicing, the basic meaning of division
without using the term divide or division*

Children should

be encouraged to make diagrammatic illustrations of group¬
ing in the solution of their problems*

They should under¬

stand that 15 4 5 » 3 should mean, when written or read,
"when 15 is divided into groups of five, there will be three
groups."
The uneven division facts present a special diffi¬
culty.

The even division facts may be learned fairly easily

because of their association with the multiplication facts,
but there are no multiplication faots corresponding to the
uneven division facts on the third grade level.

However,

in dividing by 5, the pupil must know how many 5*s there
are In 12 as well as how many 5** there are in 10.

Hence,

-29it la important to provide extended practioe in learning
how to find the answers to the uneven division facts.

By

grouping pennies with twelve in a rowf he can show that
there will be two groups of five and two left over.
The second basic meaning of division Involves find¬
ing part of a number, or as it is oommonly called,part¬
taking.

If five girls share a basket of ten Saster eggs

equally, each will receive one-fifth of the ten eggs, or
10 eggs 45# or 2 eggs.

The thinking involved in this prob¬

lem is unlike that involved in the measurement kinds of di¬
vision, such as finding how many nickels there are In ten
pennies or how many groups of five eggs there are in ten
eggs.

Both kinds of situation, part-taking and measure¬

ment, require division for their solution.

It is unwise

to attempt to have pupils discriminate between the two
types of division, but In analysing a problem the teacher
should choose descriptive language carefully so that the
two meanings, measurement and part-taking, are not confused.
At this point it might be mentioned again the im¬
portance of making clear the meaning of the computational
processes.

The algorism, or conventional form of writing

the computation, such as 2 ♦ 3 or
3
♦2
grows out of the pupil's thinking about the computation and

-30becomes the record of his thinking*

Such techniques as

carrying and borrowing evolve as meaningful processes,
not rote learnings♦

The teacher should show the inter¬

relationships of the four processes as an aid to teaching
and learning.
multiplication.

Counting leads to addition and in turn to
Counting backwards leads to subtraction

and in turn to division.

Addition and subtraction are in¬

versely related as are multiplication and division.

Here

the Basic Facts Target (Fig. 2) may be used for extra prac¬
tice in the primary facts.

The Sunflower, Indian Gal, and

Turkey Talk (Fig. 7, Fig. 8) may be used as seat-work drill.
When children learn for the first time how to divide
when there is a two-place and three-place quotient, it is
very important that they be taught to place the first figure
of the quotient in its proper place.

The habit of writing

quotient figures over the proper figure in the dividend
should be developed here to Insure success later in long
division and also in the division of decimals.
Common Fractions:

Although the word "fraction" is

not yet taught, the child should understand something about
the whole and its parts through the use of such devices as
Pie Plate Fractions (Fig. 13, Fig. 14) and Rectangle Frac¬
tions (Figs. 15-19).

Fractions may be introduced in count¬

ing with 50 as halfway to 100 and 25 as quarter of the way.
The children may use fractions in their everyday experiences

-31such as 1/2 dozen, 1/2 hour, 1/2 inch, and so forth.

By

the end of the third grade, the child should have had much
practice in recognizing and using the fraction idea through
his daily activities.

His understanding of the fraction

concept should have been gradually growing.
Roman Numerals:

Since many of the school clocks

have Roman numerals, the child should learn to tell time
with clook faces having both Roman and Arabic numerals
(Fig. 11, Fig. 12).

The children should be encouraged to

look for clocks that have Roman numerals and to report to
the class any large clocks of this type that they have seen.
Growth in Arithmetic^

suggests a picture record for the

arithmetic folder of places where Roman numerals were
found•
Measures and Measurement:

In the third grade there

should be a development of interest in recognition of meas¬
uring units and a knowledge of commodities for which they
are used.
lengths.

Children should learn to estimate heights and
Before measuring a particular pupil, it is desir¬

able to have his height estimated by the members of the
class.

The growth in accuracy in estimating heights will

give the pupils great satisfaction.

The Estimation Hanger

(Fig. 10) may be used by the children for estimating lengths.

(25) Clark, John R., Junge, Charlotte, W. and
Moser Harold E. o&. clt. pp. 66-67.
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calendar.

The spelling and abbreviations of the names of

the months of the year and the writing of the dates are
important in this phase of the work.
Telling time is one of the real needs of third
grade pupils and obviously the teaching of this skill
should not be limited to a few pages in a textbook.

The

teaching of time must be continued every day throughout
the year.

The teacher should take advantage of every real

need to know the time of day.

The Number Clock (Fig. 11)

and the Homan Numeral Clock (Fig. 12) may be used in
group drill in telling time and individual practice in
making a clock.

Individual clocks may be made with card¬

board hands attached to a paper plate.

The children might

also be asked to check the accuracy of the clocks in their
homes when the correct time is announced over the radio.
In enriching the concept of liquid measure it is
a good idea to have the real thing on hand such as the
Quarts and Pints device (Fig. 22).

Some teachers have

their children bring in pint and quart containers of vari¬
ous shapes and materials.

Children enjoy checking the

capacities of various containers by seeing whether the
contents of a bottle marked "one quart" will fill two
pint containers.
Since third grade children are often sent to the

-33grocery store to make small purchases, a discussion of
pounds and ounces can be meaningful to them.

It is appro¬

priate at this time because it gives practice in dealing
with 1/2 and 1/4.

A pair of scales or a spring balance

should be brought into the classroom so that the pupils may
do some actual weighing.

The children might play store,

weighing and figuring the cost of articles bought and sold.

26

Third grade teachers often attach a great deal of im¬
portance to the study of temperature.

There is a relation¬

ship between temperature and healthful dress.

Children

should learn to dress according to the temperature.

A class¬

room thermometer is very useful in teaching temperature
readings, if supplemented by a wall chart for recording
daily temperatures.
Recognition of the Value of Coins:

The average child

should be thoroughly familiar with our four lowest coins be¬
fore he reaches the third grade.

Children who get an allow¬

ance or earn money will want to know more about the value of
coins.

Each child should know what the dollar and cent sign

mean and recognize all coins in values equalling a half-dollar.
They should begin to gain a knowledge of what can be bought
for given amounts of money from 4100 up.

Practice in counting

money can be gained at saving stamp and milk money time.
Summary — Throughout the year the teacher should

(26) Clark, John R., Baldwin, Ruth I., and Clark,
Caroline Hatton, ,22,. oit. p. 281
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work to establish the pupil's confidence in his ability to
solve problems by encouraging him and guiding him to work
Independently and resourcefully in solving a variety of
problems common to children's experience.

The pupils should

see that the crucial factor in the solution of problems is
the recognition of arithmetical relationships.

The teacher

can maintain learning through an integrated review and test¬
ing program keyed to individual needs so the child's growth
in arithmetic is continually being evaluated as it is being
enriched.
But over and above these Important objectives, the
arithmetic which the child is expected to learn during his
third grade year should be meaningful to him as an Individual
and as a member of the group.

What one child understands,

because of his wide background of experience or his ability,
may have to be explained to another.

The teacher should re¬

member that he has individuals in his room as well as a third
grade class.

Multi-sensory aids are one of the ways to

bridge the experience gaps in arithmetic so that the subject
truly becomes a worth-while part of the third grader's cur¬
riculum.

CHAPTER IV
DESCRIPTION AND EVALUATION OF A GROUP OF MULTI-SENSORY
AIDS FOR THE ENRICHMENT OF THIRD GRADE ARITHMETIC

CHAPTER IV
DESCRIPTION AND EVALUATION OF A GROUP OF MULTI-SENSORY
AIDS FOR THE ENRICHMENT OF THIRD GRADE ARITHMETIC
The following teaching aids were devised with four
major qualities in mind.

Each device was designed to teach

or provide practice on a particular phase of third grade arith¬
metic.

Each was constructed to be manipulated easily by the

teacher, the child, or both.

Each aid employs color dynamics

in the hope that through this, as well as its uniqueness, the
device will appeal to the child.

And finally, each device

was designed to be durable within the limitations of most
cardboard teaching aids.
The approximate cost of these devices is figured as
though no stock-room supplies were available.

Most of the

materials needed can be obtained from the average school
stock room.

In instances where a more costly item, such as

photographic tape,is used only the cost of the amount needed
for the device is included in the estimate.

This is on the

assumption that the remaining material will be used in mak¬
ing other devices and not be wasted.
So that the Judgment of the author will not be the
sole factor in evaluating these devices, eleven practiceteachers and thirty experienced teachers used an opinion
checklist (Appendix I) to rate each of the twenty-two de«

vices.

The results of these are included in this chapter.

So that the opinions would be as unbiased as possible, only

-37the grade and number of years taught by each teacher were
included with each set of checklists.

The teachers rep¬

resented four first grades, ten second grades, one secondthird grade, seven third grades, six fourth grades, seven
fifth grades, one fifth-sixth grade, and five sixth grades.
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Dovloe On*
Title:
Purpose:

Addition-Multiplication Target
practice in primary addition and multiplication
facts

Approximate cost of materials:
Materials used:

twenty cents

Colored 22” x 24" cardboard, India ink,

scrap cardboard, R. Esterbrook and Company Drawlet
Pen No* 8, one-inoh adhesive tape, small camel’s
hair paint brush
Description:

The Addition-Multiplioation Target (Fig* 1) is

a floor target consisting of nine multi-oolored ten
inch cardboard squares each numbered with 6” x 4"
Arabic numerals.

The numbers were traced from pat¬

terns made of scrap cardboard.

The oolored card¬

board squares were cut with a paper cutter to insure
straight edges*

The numerals were outlined in India

ink with the drawing pen and filled in with the
paint brush.

The squares are Joined together by

means of adhesive tape, with the Joined edges taped
about one-eighth of an inch apart to allow the de¬
vice to be folded to the size of a single square for
easy storage.
Educational use:

This aid is designed to be used for prac¬

tice in two-number and column addition, or multipli¬
cation.

The target is placed on the floor with the
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Device One

Fig. 1.

Addition-Multiplication Target

Title:

Addition-Multiplication Target

Purpose:

practice in primary addition and multiplication
facts

Colors:

black Arabic numerals? light blue (number 6
square)? white (number 4 and number 3 square)?
orange (number 8 square)? light green (number
7 square)? yellow (number 1 and number 2 squares)?
bright blue (number 5 square); red (number 9 square)?
white adhesive tape

Size:

30'* x 30”

-40upper edge against the wall to prevent sliding and
preferably below a chalkboard so that the score of
the game may be recorded there.

A chalk line is

drawn on the floor five feet from the target and
the children, as individuals or members of a team,
throw two or three beanbags or chalkboard erasers
onto the target.

Each child then adds the numbers,

or multiplies the numbers, on which the objects
land and his score is placed on the chalkboard.
After his second turn he may have his new score,
gained by throwing the objects, if he can add it
correctly to his old score.

The teacher, or an ad¬

vanced pupil, may act as referee where objects
land on a line and the one to be added must be
chosen.
Evaluation:

All of the teachers felt that this device would

help the class to master addition and multiplication
and that the method of presentation was adequate.
Eighty-nine per cent of the group rated the device
as good in all the areas of construction, ten per
cent as excellent, and one iteacfeert as fair.

They

suggested that this device be used both as a group
game and as a motivating device throughout the year.
Keeping in mind the scattering of the grades which

-41these teaohers represent, about eighty-five per
cent of them thought this device might be mastered
in their classroom with several tries and all were
in favor of using this device in their own class¬
room*
Other comments;

A sixth grade teacher suggested a device

which might be used on her level by substituting
fractional equivalents for whole numbers for prac¬
tice in the addition of fractions.

A fifth grade

teacher plays a similar game with her class by
painting the floor with water colors.

Many of the

teachers thought that this device had excellent
motivating power and would be put to good use as
a rainy day game.

The chief criticism of the de¬

vice lay in the fact that some children would
land on lower number combinations than others and
although they were able to give the right answer
would achieve a lower score.

This might be rem¬

edied by dividing the class into teams.

Although

adhesive tape was used in this device, experience
has shown that it becomes tacky in warm weather
causing the folded device to stick together.

For

this reason photographic tape has been used in
most of the other devices which need to be taped.
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Devlce Two
1

Title:
Purpose:

Basic Facts Target
practice in learning the basic number facts

Approximate cost of materials:
Materials used:

thirty cents

colored 22* x 24" cardboard; India ink;

scrap cardboard; R. Esterbrook and Company Drawlet
Pen No. 8; paper cutter;

"Scotch" Photographic Tape

No* 235t one-half inch width; small camel's hair
paint brush
Description:

The Basic Facts Target (Fig. 2) is an orange,

blue, and white floor target containing sixteen
rectangles, 6" x 8" and seven rectangles, 12" x 8".
Each rectangle contains a specific algorism for
multiplication, subtraction, or division.

These

numbers, which are 2" x 3" in size, were traced
from scrap cardboard patterns, outlined with the
drawing pen in India ink, and then filled in with
brush.

The rectangles were joined by means of

black photographic tape with the edges one-eighth
of an inch apart so that the device can be folded
to a 12" x 16" rectangle for easy storage.
Educational use:

This aid may be used for practice in learn¬

ing the basic facts.

It is placed on the floor with

the upper edge against the wall to keep it from
sliding and with a chalkboard nearby for recording
the scores.

A chalk line is drawn on the floor

Device Two

Fig. 2. Basic Facts Target (Central Portion)
Title:

Basic Facts Target

Purooee:
Color:

Size:

practice In learning the basic number facts
black Arabic numerals, white cardboard rectangles
for division, bright blue cardboard rectangles
for subtraction, orange cardboard rectangles for
multiplication, black photographic tape

36" x 40"

-44approximately five feet from the target and each
child as an individual or a member of a team may
throw two or three beanbags or chalkboard erasers
onto the target and solve the algorism of the
rectangle on which each object lands.

The solu¬

tions may be added so that the child receives prac¬
tice in subtraction, multiplication, addition, and
division.

On the second turn the child can add his

new score to the old, using the chalkboard if nec¬
essary.

The teacher may find it wise to act as

referee or use an advanced pupil in choosing the
proper algorism when a beanbag lands on a line.
Evaluations

All of the teachers, above the second grade,

felt that this device would be helpful for meaning¬
ful drill in the primary number facts and they
thought the method of presentation adequate.

Eighty-

five per cent of the group gave this device a good
to excellent rating in construction except for
the rating under "eye appeal” where many thought
the use of colors a bit to dazzling and the black
tape used with large black numbers a bit confusing
to the eye.

A few teachers suggested making the

numbers smaller to remedy the effect.
Other comments:

This device was thought to have special ap¬

peal as a group game and could be used in some cases
as a motivating, device.

All teachers above the second

-45grade thought this would be a good device to use
In the classroom and one second grade teacher sug¬
gested making a similar game for her grade using
addition and subtraction algorisms*

Another limit¬

ing factor in this device is the number of possible
examples which it presents to be solved.

Neverthe¬

less, it was decided that it was a good rainy day
game although its educational value was probably
not as great as some of the other devices*
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Device Three

Title:
Purpose:

Multiplication Star
practice in nultiplication or addition

Approximate cost of materials:
Materials used:

ten cents

colored £2” by 24” inch cardboard; brass

paper fasteners; India ini; rubber cement; camel's
hair paint brush; scrap cardboard; Esterbrook Drawlet Pen So. 8; LEROY Lettering Set 3240 - LEROY
Template Ho. 500 CL and LEROY Pen Ho. 6
Description:

The Multiplication Star (Fig. 3) is a card¬

board square with a 10” eight-pointed star cemented
to the center.

A 1” x 5" pointer was fastened to

the midpoint by means of a setal fastener.

The

additional circles (Fig. 4) were made of colored
cardboard cut 6 1/2" in diameter.

The 2" x 3"

Arabic numerals were made by tracing around scrap
cardboard patterns, outlining the figures in India
ink, and filling in the number with brush.

The

smaller numbers around the outer portion of the
star were inked in by means of the lettering set.
Educational use:

This device was constructed for practice

in multiplication or addition.

The number at the

end of the pointer is added to or multiplied by
the large number in the center of the star.
may be used as a teacher-guided lesson.

This

The child
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who gets the first right answer may move the pointer
to another number and choose a classmate to give him
the answer.

This procedure is repeated until each

child has a turn.

By removing the fastener and cov¬

ering the "3m with another number circle (Fig. 4),
practice on a new family of primary facts is possible.
Evaluation: All of the teachers felt that their classes would
be able to learn the concept (addition in the lower
grades, multiplication on the upper levels) with the
help of this device and all checked that the method
of presentation was adequate.

The Multiplication

Star was rated from good to excellent as to construc¬
tion with slightly higher ratings as to ease of
manipulation for the child and eye appeal.

It

was rated highly as a motivating device and a group
game and some (ten teachers) would use it as a
teacher-lead drill.

The group suggested that this

device would be best used for the middle grades,
although one second grade teaoher said that She might
be able to use it in her class for the “tablesM of
2*s and 5’s.
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Devlce Three

6

6

Fig# 3# Multiplication Star

Title:

Multiplication Star

Purpose:
Colors:

Size:

practice in multiplication or addition
yellow square, light blue star, red pointer,
black numbers, light green number 6 circle,
bright blue number 5 circle.

14" x 14"
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Device Three

Fig. 4. Multiplication Star Showing
Extra Number Circle in Position
j

Title:

Multiplication Star

Purpose:
Colors:

Size:

practice in multiplication or addition
yellow square, light blue star, red pointer,
black numbers, light green number 6 circle,
bright blue number 5 circle

14” x 14”
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Devloe Four
Title:
Purpose:

Multiplication Puzzle
praotlce aid for individual child in learning
primary facts

Approximate cost of materials:
Materials used:

three cents

colored 22" x 24” cardboard; magazine pic¬

ture; LEROY Template No# 500 OL;

LEROY Pen No# 6;

India ink; rubber cement; Esterbrook Drawlet Pen
No. 1; 7" x 9” clasp envelope
Description:

The Multiplication Puzzle (Fig. 5) is a red

cardboard rectangle 7U x 9" blocked off into twentyeight sections, each containing a number (the answer).
A 1 1/2*’ x 7" strip at the right hand side of the
cardboard contains the word "MULTIPLY."

All of

the lettering and numbering was inked with the
LEROY Template and Pen but it can be done with
black crayon free-hand, for almost equal effect,
by the teacher.

Another piece of red cardboard,

7” x 7 1/2", was marked into twenty-eight similar
rectangles with the algorisms written in the boxes
so that when the cardboards were matched, face to
face, each number was the answer to Its correspond¬
ing algorism.

A magazine picture was pasted on the

reverse side of the second cardbgaad. Then it was
cut along the lines into miniature "flash cards."
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Devlce Four

■

Fig. 5* Multiplication Puzzle

Titles

Multiplication Puzzle

Colors

black numbers and letters on red cardboard;
multi-oolored picture

Sizes

7” x 9m

-52Educatlonal use:

This device is to be used as a practice

aid for multiplication facte.

When other example#

are used, similar puzzles may be made for addition,
subtraction, and division.

When other puzzles

are available In the same classroom, each should
have a separate envelope and a variety of cardboard
colors should be used so that the lost puzzle pieces
may be returned to the proper set.

The puzzle Is

fitted together by looking at the algorism on the
’’flash oard” and placing the card faoe down over
the proper answer with the picture side up.

This

aid Is designed to be kept In a convenient place
for any ohlld to use who has finished his work.
Evaluation*

The teachers believed that this device would

help their class learn multiplication (or addition
or subtraction on the lower grades).

The puzzle

received a good to excellent rating In construction
although fifteen teachers rated the durability of
the aid as only fair.

The group was about evenly

distributed In rating It for motivation, seatwork
and palrwork and suggested that It be used through¬
out the year.

Most of the children could master

this device (or the addition version) with con¬
siderable practice and ninety per cent of the group
said they would like to use this In their olassroom.
Other comments:

One of the prime weaknesses of this device

-53was noted by & fourth grade teacher who thought her
children night master the picture and not the facte.
The teacher should observe whether the children are
looking at the algorism or the picture.

Having

several puzzles handy would give the child more
chances to try his skill in numbers and lessen the
/

danger of picture mastery.

It was also suggested

that there might be more work to this device than
the educational value warranted.

-54Devloe Five
Title:
Purposes

Number Chart
practice In meaningful counting and number work

Approximate cost of materials:
Materials used:

ten cents

22” x 24” white cardboard; 22” x 24” light

green cardboard; India ink; rubber cement; paper
cutter;

“Scotch” Photographic Tape No. 235• one-

half inch width; LEROY Template No. 500 CL; LEROY
Pen No. 6; staples
Description:

The Number Chart (Fig. 6) is made by placing

2” x 15M strips of white cardboard overlapping
1 1/2” apart on a 15" x 17" white cardboard base.
The “pockets” are constructed by running the black
photographic tape vertically, making each pocket
one inch wide.

The number cards are 1” x 1 1/2”

rectangles of light green cardboard and were num¬
bered in India ink using the LEROY template and
pen.

A staple was fastened about a half inch below

the top of each pocket to prevent the cards from
slipping through the base of the pocket.

For

convenience, an envelopewas cemented to the back
of the chart to hold the number cards when not
in use.
Educational use:

This aid may be used by the individual

child for meaningful counting from 1 to 100 by
placing the cards in the pockets in the right
order.

For example, to find the pocket for 67 he
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Devloe Five

Fig* 6 Number Chart

Title:
Colors:

Size:

Number Chart
white chart, light green cards numbered in
black ink, black photographic tape between
pockets and binding edge of device
15” x 17”

-56must look for the sixth horizontal row and the
seventh vertical row.
after 66.

The number is below 57 and

The Number Chart may also be used by the

teacher for number work in small groups, for finding
the location of a number, or for counting by 2's,
■

.

\

.1

t

5's» 10fs, and so forth.
Evaluations

The/Number Chart was favorite among the ex¬

perienced teachers, although the practice teachers
thought/it would be much too difficult to make.
■A

i

Ift ther area of construction this was rated as excel’

/ ft

lent T>y a majority of the teachers, although there
was some question as to the durability of the de< .

vice, and ten teachers ranked it only f&ir on that
aocount.

A little over half of the teachers would

use this throughout the school year.
would use this for daily drill.

The others

Mastery of the de¬

vice within the individual classroom would depend
upon the use to which the device was put.
Other comments}

A fifth grade teacher suggested that this

was too elementary for her fifth grade students but
the middle elementary grade teachers thought that
it would have endless possibilities as a teaching
aid ii^ their classroom.

A fourth grade practice

teacher suggested using it for individual difflculj; -

ties in number values.

A sixth grade teacher would

prefer another color soheme since she found the pres-

■■ -

"'./t one made It difficult to read the numbers.

! 1

-57Device Six
Title:
Purpose:

Turkey Talk
Individual practice In the primary addition facts

Approximate cost of materials:
Materials used:

one cent

8" x 10” colored construction paper; red,

black and yellow crayons.
Description:

Turkey Talk (Fig. 7) was made from dark brown

construction paper.

The main portion of the turkey's

body is a 7" circle.

Ovate tail feathers were drawn

In a fan-shaped area protruding from the upper twothirds of his body.

The turkey's head and feet and

the addition facts on the tail feathers were drawn
with colored crayons.

The solutions to the algor¬

isms were placed on the back of each feather (Fig. 8).
Educational use:

Turkey Talk can be used for individual

seatwork because of its ability to tell the child
the solution to the arithmetic facts or help him
check his answers.

Like Devices Seven and Sight

it may be made by the child during a regular art
session, preferably near Thanksgiving.

It has an

additional advantage in that each child may have
a primary facts aid of his own, and the teacher
can spend his own timeln making more difficult de¬
vices.
Evaluation:

Sunflower, Indian Gal, and Turkey Talk were

rated very highly by the teachers.

They thought

Device Six. Device Seven, and Device Eight

---

Fig.

---

.

-

^

7. Turkey Talk, Indian Gal, and Sunflower

Titles:

Turkey Talk, Indian Gal, Sunflower

Colors:

Turkey Talk - dark brown construction paper; red,
yellow, and black crayoned details,
Indian Gal - light brown face; dark brown answer
circle; red, green, and yellow feathers, red and
black crayoned details.
Sunflower - yellow petals; brown center; green
answer circle; black crayoned details

Size:

Turkey Talk - approximately 12” in diameter
Indian Gal - approximately 10M in diameter
Sunflower - approximately 9M in diameter
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Device Six. Device Seven. and Device Eight

Fig, 8, Turkey Tal, Indian Gal, and Sunflower
Showing Hidden Answers
Titles:
Colors:

Size:

Turkey Tal, Indian Gal, Sunflower
Turkey Talk - dark brown turkey; red, yellow,
and black crayoned details
Indian Gal - light brown face; dark brown answer
circle; red, green, and yellow feathers; red
and black crayoned details
Sunflower - yellow petals; brown center; green
answer circle; black crayoned details
Turkey Talk - approximately 12” in diameter
Indian Gal - approximately 10" in diameter
Sunflower - approximately 9” in diameter

these were excellent devices for the child both
for motivation and for seatwork.

Durability was

given only a fair rating, but the device would
probably outlast Its usefulness.

Dr. Smith sug¬

gested that each device be used to help the lndl/ vldual child practice the Individual examples with
which he has trouble.

If the devices were used In

that sense their life would not have to be long.
It was thought that this device should be used
dally until mastered, and all the teachers were Interested In adding devices of this type to their
/

/

j

,

classroom.

Other comments:
*

/

A fourth grade teacher suggested using

*

these same devices on her level for the multipli¬
cation and division facts.

Another teacher of the

third grade thought that it might be possible to
use several of these throughout the school year,
the idea could be furnished from the classroom
subject matter or the season of the year.

-61Title i
Purposes

Indian Gal
art-arithmetio correlation for practice in basic
facts

Approximate cost of materials:
Materials used:

two cents

8" x 10M colored construction paper; mucilage,

crayons.
Description:

The faot of the Indian Gal (Fig. 7) was cut

from light brown construction paper as a circle,
4 1/211 in diameter.
colored crayons.

The feathers were drawn with

The multi-colored feathers are 4”

long and lrt in width at their widest portion.

These

were glued like a headdress between the light brown
circle and a 5" dark brown circle.

In a similar

manner to the Sunflower, the subtraction algorisms
were written on each feather.

The answers are be¬

hind each feather on the darker brown circle.

The

two feathers at the top of the headdress were pasted
askew, purposely, to show that it is still possible
to have an answer behind each feather even if the
child1a art work is not perfect.
Educational use:

Like the Sunflower, the Indian Gal may be

made by the children during an art lesson and kept
in their desks for seatwork.

This particular aid

might be more proper motivation for extra practice
if it is made near the Thanksgiving holiday or at
a time when the class is studying about Indians.

f
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Evaluations

Th© ©valuation of this devic© is included

under the evaluation of Devic© Six (pages 57 and

).

60

*

| l .
>

Device Sight

i

/ j

Titled Sunflower
",

*7

Purpose*:
■

j1,

art-arithmetic correlation for practice in basic
\

facts

Approximate cost of materials:
on© cent
/ j. i*
Materials used: 8” x 1011 colored construction paper and black
crayon
Description:

The Sunflower (Fig. 7) was cut from colored

construction paper, and the algorisms were written
on the yellow petals with black crayon.
of the flower is a 3" brown circle.

The center

Each petal is

4" long and 1 ** in width at its widest part.

These

were glued between the brown circle and the 5"
green circle.

The correct answer was written on

the latter behind each petal (Fig. 8).
Educational use:

This device may be made by each child dur¬

ing the class art period.

Then the teacher, or the

child directed by the teacher, can write in the al¬
gorisms and answers.

By doing this each child can

keep a Sunflower in his desk to practice on when
other work is finished.

He can look at the algorism

and turn down the petal to check his answer.

If

each child has different addition, subtraction, or
multiplication facts on his Sunflower, he can trade
with his neighbor and thus gain more practice.

64Evaluation:

The evaluation of this device is included

under the evaluation of Device Six (pages 57 and.

).
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-65Devloe Nine
Title:
Purpose:

Clothespin Hanger
practloe in learning the meaning of numbers from
1 to 20

Approximate cost of materials:
Materials used:

forty cents

wire coat hanger; ten red plastic clip-on

clothespins; ten clear plastic clip-on clothespins
Description:

The Clothespin Hanger (Fig. 9) consists of

ten red and ten clear plastic 3" clothespins which
have been clipped onto the lower portion of an ordi¬
nary wire coat hanger with the two colors grouped
separately.
Educational use:

This aid was designed as a small abacus

to be used in visualizing the "teen numbers.” By
pushing the clear plastic clothespins to the left
of the coat hanger the teacher can show the child
that, if he adds two red clothespins to these, by
counting, there are twelve clothespins or 2 more
than ten.

When you add eight clothespins and five

clothespins, there will be ten clear clothespins
and three red ones or 13*
Evaluation:

The teachers viewed this device as an excel¬

lent and very handy supplement to the bead frame
for teacher-lead drill and individual practice.
This device rated especially high on durability and
eye appeal.
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Other comments;

Fifth and sixth grade teachers suggested

that such a device was too elementary for their
levels.

A fourth grade practice teacher felt that

it might be an excellent aid to the slow learners
in her group.

There were also several favorable

comments concerning the eye appeal and durability
of this device.

Fig# 9* Clothespin Hanger Showing Fourteen

Title:

Clothespin Hanger

Colors:

black coat hanger; red and clear plastic
clothespins

Size:

Approximately 12“ x 16H
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Device Ten
Title;

Estimation Hanger

Purpose;

practice in estimating length

Approximate cost of materials;
Materials used;

ten cents

Colored binding tape or ribbon; wire coat

hanger, fishing sinkers or lead balls.
Description;

The Estimation Hanger is made by attaching vary¬

ing lengths of ribbon or binding tape to the base of
a wire coat hanger and weighting these down with
fishing ’’sinkers."
has four ribbons;

The hanger shown in Figure 10
six inches, three feet, one foot,

and one inch (measuring from the hanger to the top
of the sinker).
Educational use;

This aid should be used in cultivating

the ohlld’s ability to estimate.

The children may

guess at the various lengths until they get the right
one or they may be told the length of one of the rib¬
bons and asked to estimate the lengths of the others.
This shouldn’t be used too often, but by changing
the ribbons the teacher can use it as a short prac¬
tice drill early in the morning when the children
enter the classroom or at the beginning of the
arithmetic session.
Evaluation^

All of the teachers were interested In using

this device in their classrooms.

The construction

of the device was rated as excellent although it was

Device Ten

I

Fig. 10# Estimation Hanger
Title:

Estimation Hanger

Colors:

black coat hanger; gray weights; yellow ribbon
(6”); red ribbon (3';; blue ribbon (!'); green
ribbon (1")•

Size:

Approximately 16*’ x 45”

-70
suggested that a smaller weight than sinkers be
found because it confuses the length measurement
due to the size of the weights (especially for
the one-inch ribbon).

This oan be used for moti¬

vation, teacher-lead drill, or a group game and
mastery of various ribbons would come with several
tries.
Other comments:

A fifth grade teacher suggested making

the ribbons detachable so that they may be removed
when the length has been discovered and used to
measure other objects in the room.

The alert

teacher might be able to find other uses for this
device

-71Devlce Eleven
Title:
Purpose:

Number Clock
meaningful practice in numbering a clock

Approximate cost of materials:
Materials Used:

ten cents

22“ x 2411 cardboard; brass fastener, India

ink; LEROY Template No. 500 CL; LEROY Pen No. 6;
Esterbook Drawlet Pen No. 1; razor blade
Description:

The Number Clock was constructed from green

cardboard out in a 15“ square.

The hands of the

clock are of red cardboard 1M x 4 1/2” and 1” x
5 1/2” fastened at the center of the clock with a
metal fastener.
diameter.

The clock face itself is 12’* in

The removable numbers are 1 1/2“ x 3"

rectangles of yellow cardboard, numbered in the
center of each from 1 to 12 using the LEROY set.
Double 1 1/2“ slits were cut with a razor blade
2“ apart in the appropriate positions around the
clock face and are used for holding the numbers
in place.
Educational use:

The Number Clock has several uses.

It

may be used by the teacher in meaningful drill in
telling, time since the hands may be moved into
various positions to suggest certain hours.

The

numbers around the clock face are removable and with
practice in placing these in their proper position
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Device Eleven

Title:

Number Clock

Colors:

light green clock; black lettering; red hands;
yellow number cards

Size:

15" x 15"

73
by the child, the common errors of misplacing
the position of the "l” and putting the numbers
on counter-clockwise should be eliminated.
Evaluation:

The evaluation for this device is included

in the evaluation of Device Twelve (page 76).
Other Comments:

These are included with those for Device

Twelve (page 76).

-74Device Twelve
Titles
Purposes

Roman Numeral Clock
counting by Roman numerals

Approximate cost of materialss
Materials useds

ten cents

22” x 24” colored cardboard; brass fastener;

India ink; LEROY Template No. 500 CL; LEROY Pen No.
6; Esterbrook Drawlet Pen No. 1
Descriptions

The Roman Numeral Clock (Fig. 12) is a 15”

square cut from light green cardboard.

The hands

of the clock are of white cardboard, 1” x 4 1/2”
and 1" x 5 1/2”, fastened at the center of the clock
with a metal fastener.
in diameter.

The clock face itself is 12”

The removable numbers are 1 1/2” x 3”

rectangles of orange cardboard numbered in the cen¬
ter of each from I to XII using the LEROY set.
Double 1 1/2” slits were cut with a razor blade 2”
apart in the appropriate positions around the clock
face to be used for holding the numbers in place.
Educational uses

Once the children have mastered the in-

trioacles of the Number Clock (Fig. 11) they can
try their skill on the Roman Numeral Clock.

This

has the same characteristics as the previous de¬
vice but can be used for counting by Roman numerals.
If the child has an old clock at home, he may have
little difficulty in mastering this device.

D«vlo» twelve
f
i

im—~
Fig. 12.

Titlei
Colorsi
31 z.:

Roman Numeral Clock

Roman Numeral Clock
light green clock; black lettering; white
hands; orange number cards
15"

X

15"

-76Evaluation:

Since the Number Clock (Fig* 11) and the

Roman Numeral Clock are essentially the same type
of device they were presented together and evalu¬
ated accordingly.

These devices were rated excel¬

lent to good in all the areas of construction ex¬
cept durability where it received a lower rating
because of the proximity of the slits to one
another and the fear that the device would tear at
these points.

This was rated as a device for

teacher-lead drill and motivation, and it was sug¬
gested that these be used at various times through¬
out the year.

Eighty-five per cent of the teachers

thought that this would be a good device for class¬
room teaching.
Other comments:

Most of the teachers expressed the opinion

that the removable numbers had some slight advan¬
tage over the usual cardboard clocks.

A third

grade teacher liked the variety of color and was
especially pleased with the Roman Numeral Clock as
a way of teaching Roman numerals.

On the fourth

grade level the Number Clock would serve as a good
review device.

-77Devlce Thirteen
Titles
Purpose:

Pie Plate Fractions
to enrich the concept of fractions and fractional
relationships

Approximate cost:
Materials used:

twelve cents
6” deep-dish cardboard pie plates; water colors;

camel’s hair brush; India ink; Esterbrook Drawlet Pen
No. 1
Description:

Pie Plate Fractions (Fig. 13) consists of six

6M deep-dish cardboard pie plates.

Each of these was

colored by painting with water colors, cut into sec*
tions, and labeled as to its fractional parts:
purple plate

the

was labeled "l"; the red plate was cut

into halves; the blue plate into thirds; the orange
plate into quarters; the yellow plate into fifths;
and the green plate into sixths.

The labels were

inked in with a drawing pen.
Educational use:

Each one of the plate sections will fit

into the whole plate and may be superimposed on
each other for comparison (Fig. 14).

The teacher

may use this device for his first presentation of
the fractions and fractional relationships.

Later

the device can be put in an accessible spot where
the children themselves can handle the device and
test the relationships.
Evaluation:

Pie

Plate Fractions received a good to ex¬

cellent rating in construction.

The teachers
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Devloe Thirteen

Fig. 13* Pie Plate Fractions

Titles

Pie Plate Fractions

Colors:

Purple plate (one); red plate (halves); blue
plate (thirds); orange plate (quarters); yellow
plate (fifths); a green plate (sixths)

Size:

each plate 9" in diameter
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Device Thirteen

Fig. 14. Pie Plate Fractions Showing
Comparisons

Titles

Pie Plate Fractions

Colors;

purple plate (one); red plate (halves); blue
plate (thirds); orange plate (fourths); yellow
plate (fifths); green plate (sixths).

Sizes

each plate 9" in diameter.
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expeoted it to have equal use as a teacher-lead
drill and as a seatwork device and suggested using
it often throughout the year.

Most of the children

were expected to master this device with several
tries.

All of the teachers wished to add this aid

to their teaching devices.
Other comments:

A fourth grade teacher thought that the

individual activity which such a device afforded
the child was an excellent step in helping the child
to solve his own problems.

This device was appli¬

cable to all levels from the first introduction of
parts of a whole to addition and subtraction of
fractions in the upper grades.

-81Devloe Fourteen
Titles Rectangle Fractions
Purpose;

to enrich the concept of fractions and fractional
relationships

Approximate cost of materials;
Materials used;

twelve cents

22" x 24” colored cardboard;

‘'Scotch'* Photo¬

graphic Tape No. 253* one-half inch width; scrap
cardboard; Esterbrook Drawlet Pen No. 8; small camel’s
hair brush; India ink; LEROY Template No. 500 CL;
LEROY Pen No. 6
Description;

Rectangle Fractions (Fig. 19) consists of four

rectangular pieces of cardboard, 8 1/2" x 12“.

The

blue cardboard represents a "whole” (Fig. 18); the
yellow cardboard was cut into halves (Fig. IT); the
red cardboard in fourths (Fig. 16); and the green
cardboard in eighths (Fig. 15)*

These were placed

on top of each other in that order and were bound
to the outer edges with the black photographic tape
so that the halves and fourths open horizontally from
the center and the eighths vertically.

The numbers

were drawn in with the LEROY pen and template, ex¬
cept in the case of "l" which was traced from a 4"
x 6" scrap cardboard pattern, outlined with the draw¬
ing pen in ink, and filled in with brush.
Educational use;

Rectangle Fractions may be used in addi¬

tion to Pie Plate Fractions (Fig. 13, Fig. 14).

Slmi-
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Device Fourteen

1
8

1
8

1
8

1
8

1
8

1
8

1
8

1
8

Fig. 15*

Title:
Colors:
Size:

Rectangle Fractions Showing
Eighths

Rectangle Fractions
black tape and lettering; light green eighths
8 1/2” x 12”

Device Fourteen

Fig. 16.

Titles

Rectangle Fractions Showing
Fourths

Rectangle Fractions
zy,—^

Colors;
Size;

black tape and lettering;
8 1/2" x 12"

red fourths
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Devloe Fourteen

Fig. 17.

Title:
Colors:
Size:

Rectangle Fractions Showing
Halves

Rectangle Fractions
black tape and lettering; yellow halves
8 1/2" x 12"
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Devloe Fourteen

Fig* 18.
Titles
Colors:
Size:

Rectangle Fractions Showing
One

Rectangle Fractions
black tape and lettering; bright blue one
8 1/2” x 12”
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Device Fourteen

Fig• 19•

Rectangle Fractions Showing
Comparison

Title l

Rectangle Fractions

Colors$

black tape and lettering; yellow half; red
fourth; light green eighths

Sizes

>

8 1/2" x 12"

-87larly it may be used by the teacher for introduc¬
tion or clarification of a lesson in fractions.
The child can make his own comparisons by flipping
the appropriate rectangles into place in relation¬
ship to each other (Fig. 19)•
Evaluation*

Although all the teachers were interested in

having a device of this type in their classrooms,
it did not rate as highly as the Pie Plate Fractions
and received a good to fair rating in construction.
Most of the teachers thought Rectangle Fractions
r'

would be a good device for teacher-lead drill and
motivation but as a seatwork device it was more dif¬
ficult for the child to handle.

As a result of

this, the device rated much lower*on the possibility
of mastery than did the Pie Plate device.
Other comments*

A second grade teacher thought that the

device would be too confusing for little children.
A fourth grade teacher felt that the device should
be shown daily until understood and then it could
be set aside for the children themselves to use for
practice.

On the second grade level the

children

do not have fraction problems, but one teacher
thought it might be used to show parts of the whole.
Another fourth grade teacher suggested that the ease
of manipulation of this device was not as high as on
Pie Plate Fractions, but it could be used best in
transition between the concrete and the abstract.

-88Device Fifteen
Title:

Colored Stamps

Purpose: to enrich the child’s concept of
Approximate cost of materials:
Materials used:
Description:

numbers over 100

less than one cent a sheet

8" x 10 " colored construction paper

The Colored Stamps (Fig. 20) were made from
*

*- ■

multi-colored construction paper cut into 7 1/2" x
10" rectangles.

Each sheet was blocked off into one

hundred sections, 3/4" x 1", and perforations made
along each line by "sewing" the sheets on a sewing
machine without using thread.
Educational use:

The Colored Stamps may be used

by the

teacher to enrich the child's concept of numbers
above 100.

Since each sheet of stamps contains one

hundred stamps, the

number

326 may be shown by

choosing three whole sheets and tearing off 26
stamps from the fourth sheet (Fig. 20).

The child¬

ren can also use these to clarify problems involv¬
ing buying stamps at the Post Office.
Evaluation:

The evaluation of this device is included in

the evaluation for Device Sixteen.
Other comments: These are included under Device Sixteen.
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P»vlo« Fifteen

Fig. 20.

Title:
Colors:
Size*

Colored Stamp# Showing
Three Hundred and Twenty-Six

Colored Stamps
green; red; light brown; yellow
7 1/2" x 10"

-90
Levico sixteen
Titles
Purposes

Designed Stamps
to enrloh the child*s concept of numbers over 100

Approximate coBt of materialss
Materials useds
Descriptions

less than one cent a sheet

Educo Duplicator Paper

The Designed Stamps (Fig. 21) was made by
/

typing a design of # signs

and 3's on the master

unit for a fluid duplicator and running off the
copies.

The paper was cut into 7 1/2" x 10" rec¬

tangles following the outer lines of the design#
Each sheet was then perforated along the lines
which separate the stamps by "sewing" five sheets,
at a time on a sewing machine without using thread.
Educational uses

The

Designed Stamps, like the Colored

Stamps (Fig. 20), may be used by the teacher to
enrich the child*s concept of numbers above 100.
Sinoe each sheet of stamps contains 100 stamps,
the number 433 may be shown by choosing four whole
sheets and tearing 33 stamps from the fifth sheet
(Fig. 21).

Similarly, these also can be used for

more meaAingful drill in Post Office problems about buying stamps.
Evaluation:

This device and the Colored Stamps (Fig. 20)

rated high in the areas of construction.

Both

were suggested as being good motivational devices
and teacher-lead drills.
*

A majority of the tea-

chers proposed to use these devices throughout
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Device Sixteen

Fig. 21.

Titles
Colorss
Sizes

Designed Stamps Showing
Four Hundred and Thirty-Three

Designed Stamps
purple printing on white paper
7 1/2" x 10"
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the year as the need arose*

All but the first

grade teachers thought these would be helpful addi¬
tions to their teaching aids*
Other commentss

Most teachers seemed to prefer the Colored

Stamps to the Designed Stamps*

The Colored Stamps

seem to be more appealing to the eye and sturdier*
A fourth grade teacher suggested that It was not
too practical to use these devices slnoe too many
sheets must be prepared by the teacher*

«
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Devlce Seventeen
Titles
Purposes

Quarts and Pints
to enrich the concept of liquid measure

Approximate cost of materialss thirty cents (for paint)
Materials useds

conical milk and cream cartons; royal

blue enamel; white enamel; lrt paint brush; small
camel’s hair brush
Descriptions

Quarts and Pints (Fig. 22) consists of a

quart size conical milk carton, a pint size conical
cream carton, and

a half pint size cream carton.

These were each painted with two thin coats of blue
enamel and then lettered with white enamel as to
their capacity.
Educational uses

With the children grouped around him and

plenty of water near at hand, the teacher can show
the capacities of each container by pouring two
half pints of water Into the pint container and
two pints into the quart.

When the various size

containers are kept on display, the child’s con¬
cept of quarts and pints can be more vividly en¬
riched as he sees the relationships involved.
Evaluations

Most of the teachers

vice in their classroom.

wanted to use this de¬
They rated it good to

excellent on all the phases of contruction and
suggested that it be used throughout the year to
enrich teacher-lead drill.
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Title:
Colors:
Size:

Quarts and Pints
white lettering on royal blue bottles
12”, 8”, and 6" high
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Other comments:

One first grade teacher prefers to use

clear bottles since her children can see how far
up the half
quart.

pint or the pint

A fourth

grade

bottle fills the

teacher would like to

use this as a demonstration lesson but would
supplement it with glass bottles.

A fifth grade

teacher suggested that different shapes of contain¬
ers be used since all children do not get their
milk from the same dairy.

Another

teacher would

use it on the second grade level in addition to
other measurement devices.

The blue and white of

the device was termed Ma most effective use of col-
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Devtcc Eighteen

Title?
Purpose?

Secret Square
teacher-lead drill in column addition

Approximate cost of materials *
Materials used?

twelve cents

22" x 24" white oardboard; water colors?

India ink; one-inch adhesive tape; scrap cardboard;
Esterbrook Drawlet Pen No. 3; small camel’s hair
brush
Description?

The Secret Square (Fig* 23) is a 22” square

of white cardboard.

The numbers were drawn by trac¬

ing around 2 1/2” x 3” scrap cardboard number pat¬
terns, outlining the numbers in India ink with the
Esterbrook pen, and filling in with the brush.

Each

horizontal column and each vertical column of num¬
bers was Joined by a different colored 1” line,
painted in water color.

The entire device was then

cut into four 11” squares and fastened together again

with the adhesive tape so that it could be

folded

to the size of a single square for easy

storage.
Educational use?

This device Bhould be used for a teacher-

lead drill in column addition.

Dn the third grade

level the children should have scrap paper handy,
but in the upper grades the game may be played by
means of mental arithmetic.

The teacher first asks

the children to add the numbers along the yellow

Device Eighteen

Fig. 23 •

Secret Square

Title! Secret Square
Colors!

Size!

red, yellow, brown, green, purple, blue
grey, and orange strips of color joining
horizontal and vertical columns of black
numbers
22" x 22”
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line*

The correct answer is 34*

Then they can

add the numbers along the blue line*
is 34*

This answer

34 is the answer to the numbers along the

orange line also*

By this time someone may have

guessed the secret of the square and may whisper
it to the teacher*

As more of the lines are added,

others should begin to guess the

secret.

The

last few lines may be used as a check to see if
the children really
Evaluations

know the secret of the square*

This device has some educational value, but

for children above the second grade only*

Most of

the teachers rated Secret Square as good in the
areas of construction, but realized that this de¬
vice could only be used once each year*
Other comments?

A second grade practice teaoher suggested

using this device with smaller numbers for her level*
A third grade teaoher thought that this would be a
good rainy day game for her class.

-99Devlee I Unateen
Title:
Purpose:

Cinders the Clown
individual practice in the primary addition facts

Approximate cost of materials:
Materials used:

ten cents

8” x 10" colored construction paper; white

22” x 24” cardboard, India ink; brass fastener,
LEROY Template No. 175 CL and LEROY Pen No. 2;
Eaterbrook Drawlet Pen No. 1; adhesive tape
Description:

Cinders the Clown (Fig. 24) was made of colored

construction paper pasted over white cardboard and
then outlined in India ink for details.

The numbers

in each eye and the answers were drawn with the
LEROY template and pen after the 6

circle was

fastened on Cinder’s right cheek by means of the paper
fastener.

The poem which tells what should be done

with the device was typed and glued to Cinders' bib:
SAYS CINDERS THE CLOWN
MY TOOTH IS VERY WISE
IF YOU LIFT IT UP
IT GIVES THE ANSWER TO MY EYES’.
Evaluation:

The evaluation for this device is included

under the evaluation of Device Twenty-Two.
Other Comments:

These are included with comments on

Device Twenty-Two.
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Devices

Fig. 24.

Cinders the Clown, ?orkt ,
Kan in the Moon, and Susie
Pigtails

Titles:

Cinders the Clown; Porky; Man in the Moon; Susie
Pigtails

Colors s

Cinders the Clown - yellow bib and tassel; red
hat and mouth; other details in black
Porky - dark brown face; light brown nose and inside
of ears; red mouth; green eyes and bib; other
details in black
Man in the Moon - yellow face; green eyes and nose;
red mouth; other details in black
Susie Pigtails - light brown hair: natural coloring
for face; green collar; other details in black

Size:

Cinders - approximately 8" x 8 1/2*
Porky - approximately 12” x 6 l/2M
Man in the Moon - approximately 7" in diameter
Susie Pigtails - approximately 9” x 6"
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Devlces Nineteen. Twenty. Twenty-One. and Twenty-Two
A

Fig. 25.

Cinders the Clown, Porky,
Man in the Moon, and Susie
Pigtails

Titles:

Cinders the Clown; Porky; Man in the Moon; Susie
Pigtails

Colors:

Cinders the Clown - yellow hlb and tassel; red
hat and mouth; bther details in black
Porky - dark brown face; light brown nose and Inside
of ears; red mouth; green eyes and bib; other details
in black
Man in the Moon - yellow face; green eyes and nose;
red mouth; other details in black
Susie Pigtails - light brown hair; natural coloring
for face; green collar; other details in black

Size:

Cinders - approximately 8” x 8 1/2"
Porky - approximately 12" x 6 1/2"
Man in the Moon - approximately 7” in diameter
Susie Pigtails - approximately 9” x 6M
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Devlce Twenty
Title:
Purpose:

Porky
seatwork drill in the primary subtraction facts

Approximate cost of materials:
Materials used:

ten cents

8” x 10" colored construction paper; 22" x

24” cardboard; Ssterbrook Prawlet Pen No. 1.
LEROY template No. 500 CL and No. 240 CL; LEROY
pens No. 6 and No. 3; India ink; Mucilage; adhesive
tape.
Inscription:

Porky (Fig. 24) was made of colored construc¬

tion paper glued over white cardboard and then
outlined with pen.
adhesive tape.

His ear was hinged by means of

The numbers to be subtracted were

drawn on the 6 1/2" revolving circle within the
area of Porky's eyes with the larger template and
pen.

The wheel was fastened in place by means of a

metal fastener attached slightly over Porky's left
eye.

The answers were inked in with the smaller

pen and template.

The poem which tells what should

be done with the device was typed and glued to
Porky's bib:
PORKY KNOWS HIS "TAKE-AWAYS"
HE DOES THEM WITH HIS EYES
IF YOU FORGET, JUST LIFT HIS EAR
YOU, TOO, WILL THEN BE WISE
Educational use:

This aid is designed for seatwork drill.

The child should subtract the number in Porky's left
eye from the number in his right.

He can check

himself by lifting up Porky's ear (Fig. 25) and
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looking at the answer.

By revolving the wheel

the child can find other algorisms to solve.
Evaluation:

The evaluation for this device is Included

under the evaluation for Device Twenty-Two.
Other Comments:

The comments are stated under Device

Twenty-Two

-104Device Twent>v-One
Title:
Purpose:

Man in the Moon
Seatwork drill in the primary addition facts

Approximate cost of materials:
Materials used:

ton cents

8” x 10" colored construction paper;

22” x 24” white cardboard; Ssterbrook Drawlet Pen
No. 1; brass fasteners; LEROY templates 500 CL and
240 CL; LEROY pens No. 6 and No. 3; India ind.
Description:

The Man in the Moon (Fig. 24) wr .i made from

colored construction paper pasted over white cardboark and then outlined with an Esterbrook Ten.
The star was fastened at the edge of the circle so
that it can be turned outward to reveal the answers.
The numbers to b© added were drawn on the 6 1/2”
revolving circle with the larger LEROY pen and
template after the wheel had been fastened in place
by means of a metal fastener in the green portion of
the Man in the Moon*a left eye.

The answers were

drawn in w1th LEROY template and pen.

The poem which

tells what should be done with the device was typed
and glued to the forehead of the aid:
THE MAN IN THE MOON HAS BIG ROUND EYES
JOHNNY TOOK A ROCKET TRIP AND TO HIS SURPRISE
NUMBER FACTS WERE IN THE EYES
ANSWERS 'NEATH THIS STAR
IF YOU FORGET THE ANSWERS
YOU WON'T HAVE TO LOOK FAR
Educational Use:

This device is designed for seatwork drill.

The child should add the numbers in both eyes of
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the Man in the Moon and check himself by turning
the star roar the left eye to the right to reveal
the answer (Fig, 25)•

By revolving the circle th©

child can find other addition combinations to be
solved.
Evaluation:

The evaluation for this device is included

under the evaluation for Device Twenty-Two.
Other Comments:

The comments for this device are stated

under Device Twenty-Two.
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Device Twenty-Two
Title:
Purpose:

Susie Pigtails
Seatv/ork practice in the primary subtraction
facts

/■pproximate cost of materials:
Materials used:

ten cents

8” x 10M colored construction paper;

22** x 24” white cardboard; water colors; index
card; India ink; Mucilage; LLRQY Template 120 CL;
LEKOY Pen No. 0; brass fastener; Esterbrook Drawlet
Pen No• 1
Description:

Susie Pigtails (Fig. 24) was made from colored

construction paper pasted over white cardboard and
then outlined in India ink with th© Esterbrook pen.
Faciei color was painted with water colors.

The

eyelid is on the end of a V x 1/2’* strip of card¬
board.

By gluing a piece of light weight cardboard

(an index card, for example) on either side of that
strip, on the back of Susie’s head a channel may be
formed so that the strip is guided in the right
direction when pulled upward, and Susie’s eye will
open.

Her right eye contains each subtraction

problem and her left eye, the answers*

Each number

was inked in with the LEROY pen and template after
the 6 1/2" circle had been fastened in place by means
of a metal fastener near Susie’s right ear.

The

poem which tells what should be done with the device

-107was typed and glued to her collar:
SUSIE PIGTAILS SAYS "TUT, TUT It'
I KNOW THE ANSWERS WITH ONE EYE SHUT
IF YOU FORGET ANSWERS THEN OPEN MY EYE
PEEK IF YOU MUST, IT’S EASY AS PIEl"
Educational use:

This device is designed for seatwork

practice by the individual child.

The child should

subtract the numbers In Susie’s right eye and
check himself by raising the left eye to reveal the
answer (Fig. 25)* By revolving the circle the child
can find a new algorism to solve, but he must
remember to
Evaluation:

close her eye each time.

Cinders the Clown, Porky, Man in the Moon, and

Susie Pigtails were rated as good in all areas of
construction, and about ninety per cent of the
group of teachers were Interested in having these
devices In their classrooms.

They questioned the

durability of the devices in proportion to the amount
of time which would be required to make them, and
It seemed to be the opinion of most of the teachers
that although these devices would be fun for the
children and interesting, the Sunflower was a much
better aid since it required less time to make and
could be adjusted to the individual needs of each
child.
Other Comments:

A fifth grade practice-teacher suggested

that these devices were pretty byt not practical
although they could be used to some advantage? on the
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lower grades* A fourth grade teacher wanted to use
them for slow learners on her level who are having
trouble with the basic arithmetic facts#

On the

whole they were termed excellent and interesting
when used as supplementary to other devices#

CHAPTER V
CONCLUSION

CHAPTER V
CONCLUSION
The third grad© teacher, like ©very teacher In
the elementary sohool, can help to make arithmetic a dy¬
namic subject,rather than the last and least member of
the rt3 R*s."

He can foster the development of desirable

attitudes towards arithmetic, thus giving the child increased
satisfaction and confidence In Its use*

Through the use of

problem settings the teacher can heighten meaning If he
draws these settings from the everyday experiences of the
child*

By psychologically pacing the program, he can main¬

tain a skillful balance of the familiar and the new, with
definite provisions for individual differences.

Through

meaningful practice In discovering new methods and through
well distributed practice for competence in computation and
problem solving, the ohlld will develop the important skills
end understandings In arithmetic.
Under the carefully trained teacher, the third
grader should begin to analyze and solve a wide variety of
socially end personally significant problems.

He should

begin to gain clear, expanding, concepts of the fundamental
operations and their interrelationships.

In arithmetic he

should learn to be inventive and resourceful, to reason
Independently, and to discover number relationships through
abundant us© of learning aids.

The child should understand

the importance of 10 and of place value in our number system.
He should exercise arithmetical common sense In estimating,
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weighing, and deriving generalizations.
Each new learning step should grow out of and
become an extension of previous learning.

Through meaning¬

ful methods the children should begin to discover basic
facts and generalizations.

Such methods are the early

steps in promoting inventive and resourceful thinking with
numbers.

In making clear the meaning of the computational

processes it should be realized that carrying and borrowing
evolve as meaningful procedures and not rote learnings.
The algorism grows out of

the child's thinking about the

computation and becomes a record of his thinking.
There is an interrelationship between the four
processes which the average child should begin to understand
towards the close of the third grade year.

Counting leads

to addition, and addition leads to multiplication.

Sub¬

traction is but a result of counting backward, and sub¬
traction, in Itself, leads to division.

Addition and sub¬

traction, like multiplication and division, are inversely
related•
Through continuous practice in estimating, weighing,
appraising and judging, the reasonableness of answers the
child builds number sense and competence in practical matters
of arithmetic.

By encouraging and guiding the child to

work independently and resourcefully in solving a variety
of problems common to his experience, the teacher helps to
establish the pupil's confidence in his ability to solve
problems.
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But in order for the child to solve the problems
which come within the scope of his experience he must have
a command of the fundamental processes and concepts involved.
Complete mastery of these is not attained without consider¬
able practice.

A certain amount of practice may be accomp¬

lished through the use of arithmetic exercises and flashcard drills but when Interest lags and the goal of complete
mastery of concept or process has not yet been reached, the
teacher can turn to multi-sensory aids.
For concept development, it is fairly evident that
such devices as the Clothespin Hanger (Fig. 9)> Pis Plate
Fractions (Fig. 14, 15), Rectangle Fractions (Fig. 15-19)»
and the Colored Stamps (Fig. 20) would be Invaluable aids
to classroom teaching for both teacher-lead and individual
drill.

The Designed Stamps (Fig. 21) are harder on the eyes

of the child than the Colored Stamps and the latter seem to
develop the concept as well.
Quarts and Pints (Fig. 22) met with the least
approval and it was suggested that it only be used as
supplementary to other methods.

The Estimation Hanger

(Fig. 10) has a certain amount of educational value although
estimation in Itself plays but a minor part in third grad©
arithmetic.

The Addition-Multiplication Target (Fig. 1), the

Basic Facts Target (Fig. 2) and the Multiplication Star
(Fig. 3) were rated as excellent review devices but not
good practice devices in themselves since, as group devices,
over a given period of time, each child would only have a few
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The Number Clock (Fig. 11) and the

Roman Numeral

Clock (Fig. 12) have limited value since one is unable to
tell time accurately due to the missing minute marks.

But

those do have the advantage of helping the child over the
hurdles of numbering, Roman numerals, and clockwise and counter
clockwise concepts.

These factors seemed important enough

to include such a device in third grade teaching aids.
The teachers agreed that the Secret Square (Fig. 23)
was a good rainy day game but the value of making this on
cardboard was questioned since it could only be used once a
year as a "secret" square.

The Number Chart (Fig. 6) was

rated as an excellent adaptation of the usual poster number
charts.

The uses for this device are many

for grades one

through six.
Porky, Man in the Moon, Susie Pigtails and Cinders
the Clown (Fig. 24, Fig. 25) were rated as interesting and
useful devices for individual drill but such items as
Sunflower,

Indian Gal, and Turkey Talk (Fig. 7, Fig. 8)

were termed excellent.

This latter group is good because

each child can have his own practice device and the alert
teacher can see that the child's aid has his own particular
v

problem examples on it.
Although it was impossible to rate these devices in
the actual performance the foregoing information may give
some clue as to what their performance would be in the actual
classroom.

Improvements have been suggested for many devices

114and If a study of their actual performance were carried
on It, Is recommended that these improvements be made
before the task Is undertaken.
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OPINION CHECKLIST
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APPENDIX X
OPINION CHECKLIST
EVALUATION SHEET

Device #...

1.

Would this device help your class to learn the concept
(fact) for which it was constructed? Yes,,* No,,,

2.

Is the suggested method of presentation adequate?
Yes••• No,••

3.

Rate the construction of the device according to:
a.
b.
c.
d.
e.

Ease of manipulation for the teacher.
Excellent,,, Good,,, Fair,,, Poor,,,
Ease of manipulation for the child.
Excellent,,, Good,,. Fair,,, Poor.,,
Ability to hold the child’s interest.
Excellent.♦. Good... Fair... Poor...
Durability.
Excellent... Good.•. Fair... Poor...
Eye appeal•
Excellent... Good... Fair... Poor...

4.

This device is best used as: Motivation...
Seatwork.,.
Pairwork... Teacher-lead drill... Group game...

5.

How often may this device best be used?
Intermittently...

6.

How soon would the average child in your class master this
device (approximately)? Immediately...
With several
tries... With considerable practice... Never...

7.

Do you think that this device would be a worth-while ad¬
dition to your classroom teaching aids? Yes... No...

8.

Other suggestions and comments.........

Once...

Daily...

APPENDIX II
CORRESPONDENCE WITH DR. ROLIAND R. SMITH

11 South Prospect Street
Amherst, Massachusetts
April 15 1953

,

Dr. Holland R. Smith
Co-ordinator of Mathematics
Springfield Public Schools - Central Office
32 Spring Street
Springfield, Massachusetts
Dear Dr. Smitht
In your letter to Professor Wyman on March 25th con¬
cerning my thesis problem it was mentioned that you meet
thirty elementary school teachers alternate Tuesday after¬
noons.
If it is at all possible, I would like to show the
arithmetic devices to this group. These devices are especi¬
ally designed to be made by the teacher without the aid of
carpenter's tools and expensive materials.
Some of them may
be similar to aids which they already use in their classrooms
some are new, and others may suggest other devices which may
be made in the same manner. The groups include group games,
individual puzzles, art correlations, and so forth.
I realize that your time is valuable so that if such
a meeting is possible I would like to leave the arrangements
up to you.
I would be very interested in having your opinion
on these twenty-two aids also, perhaps at the same time.
I do hope that such a meeting can b© arranged.
Thank you for your interest. Will you please let me know
about this at your earliest possible convenience?
Very truly yours,

Joan E. McCurdy
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11 South Prospect Street
Amherst, Massachusetts

May 7, 1953

Dr. Holland R. Smith
Co-ordinator of Mathematics
Springfield Public Schools - Central Office
32 Spring Street
Springfield, Massachusetts
Dear Dr. Smith;
Thank you for your letter of May 4th.
I shall be
pleased to show my devices on the afternoon of May 26th.
I
shall plan to be in your office at 1O0 so that you may pre¬
view them.
Thank you again for your interest.
Very truly yours,

Joan £• McCurdy

APPENDIX III
GROUPING OF ANSWERS TO OPINION CHECKLIST

Device Number
iuestion

1

2

J

4

5

6

7

8

9

40 'll

1

Yes
No
No Answer

41 41 41 40 40 41 41 41 41 41 4C
9 0 9 1 9 0 0 0 9 0 1
0 0 9 0 1 9 0 0 0 0 0

2

Yes
No
No Answer

41 41 41 41 40 41 41 41 41 4* 41
0 0 9 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0 0 0

3a.

Excellent
Good
Fair
Poor
No Answer

36
5. U
30 3<> 5
0 0 9 o
0 9 9 9
p o 9 9

Excellent
Good
Fair
Ppor
No Answer

3b*

5. li
it 50
0 0
0 0
0 0

H
?8
o
0

9

4 11 $
3^ 30 32
9 3
9 9 0
o 9 9

3.

3d.

Excellent
Good
Fair
Poor
No Answer

3e.

Excellent
Gppd
Fair
Poor
No Answer

3

10
Ji
9
9
_2_

9
?5
7
9
0

-

-

•

—

—

—

-

-

—

-

41 41
0 0
0 9
0 0
0 0

41
9
0
0
9

5

0
0
0

10
0
0
3

1

5

0
0

9

32 28 29
9 10 is
0 0 9
0 0 0
0 0 0

6 29 29 29 36 7
35 1? 12 1? 5 ; J4
0 2 9 0 0 0
0 9 9 9 0 0
9 9 9 9 9 0

29
10
2
9
9

•

-

6
34
9
9

10 6
34
35
2
9
0 0 0
9 0 9
<5

56 28 3$
-

33
6
?
9
0

Excellent
Good
Fair
Poor
. ......
No Answer

3o*

7
33
0
0
l

24
i4
3
0
0

9 41 39 3
zS 25 17 17 17 9 3 29
10 15 24 24
0 0 9
0 0 0 9 9 9 9 0
0 0 0 9 9 0 9 9

17 l§ 15
24 20
0 5v 0
0 9 9
0_ 0 0

9

9

^4

32 32 32 39 29 7
9 9 9 2 12 34
0 9 0 0 0 0
0 9 0
0 _0_ 0

0 0 0
0 _0_ 0
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.1- T 3

*

4

IT 7 [5T 9

10

n
JL2 10 10 JLg 12 20 20 20 16 15. 15
& 0 0 16 17 21 rap 21 0 0 P
SI JSL 0 1 12 P 0 0 9 o p

Motivation
Saatwork
FairWork
Teacher-lead
drill
5 15
Group Kama. 24 16
No Answer
l9... 0
• ,1 ’
Once..
5 p
Pally
,10, 15
Intermlttantlj
0 Q
No Answer

18 10 0
13 2 0
0 P 0

P
0
1

0 P
P1 P
1 1

1$ 15 21
0 10 5
P o P

,

5

6

7

? ox JSL. P p
5, 3P 30
*7
22 25 3<? 7 7
Q 0 0 1 3,

H. 5
Immediately
JL,
With savaral
trlaa
28 1£ 15
With consid¬
erable prac
practice
10 15. 21
e 6 0
Never
No Answer
0 0 JLYes
41 « 41
Wo~
0 6 JLNo Answer
0 0 -0

\z 12 3
28 P
1
0
0

3

Q
30
7
l

P,
3i3
3
P

p
12 12
i<5 29
o p

3

10 li 3

3

?8 28 3? 28 15 11

15 15
27 10 10 10
0 0 p 0 "o~ P P
2 0 0 0 0 o 1C

41
41 41 41 41 41 5*
0 5 o
0 _ 0 0 7
0 0 EL. J2L- 0 0 0 l2
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Device Number

CO
r~t

12 13 14 15 10 17

wuestion

19 20 21 2f

1

Yes
No
NO Answer

4<? 41 41 41 41 41 36 30 36 36 30
1 0 0 0 0 0 4 5 5 5 5
0 0 9 0 9 0 1 9 9 9 o

2

X#l
No
NO Answer

41 41 41 41 41 38 41 40 4Q 49 40
0 9 0 0 0 0 9 1 1 1 1
0 0 0 0 9 5 0 9 0 o 0

3a •

Excellent
5ood
Fair
Poor.
No Answer

36 20 3
5 it 2<?
0 0^ 10
p 0 c
Q J 2

18 IQ
9
18
Jl
29 20
1
1
3 l
Q 0 0 0
2 12 1 0.10..

0
9

5
9
9

5
9
0

5
9
0

3b.

Excellent.
Good
Fair
Poor.
No Answer

29 21 2
12 19 13
0 9 ?4
p 0 Ip
p 1 2

17, 17 15l8]
21 21 .22 17
1 1 2 .10
1 1 otcP
1 1 £ 0

8
39
3
9
9

8
39
3
9
9

8
30
3
9
9

3
39
3
0
9

3o.

Excellent
Good
Fair
£oor...
Ko Answer.

?4 laijL 16 16
14 23 27 21 21
0 0 it! 3 3
0 9 0 1 1
3 9 0 9 0

8
24 33 30
3 9 3
3 0 9
9 9 9

8
30
3
9
9

0
39
3
o

8
30
3
o

0

0

3d.

Excellent..
Good..
Fair
£oor
No Answer

3 24 4 10
29 17 27 29
9 9 10 9
o 0 o 2
Q 9 9 0

3e.

Excellent
Good
Fair
Poor
No Answer

17 16 28 10 1$
?4 25 11 21
0 o 2 3 9
Q 9 0 1 9

1

_2_ SL.

11 8

19 2
20 38
9 1
2 0
0 9

0. 0

10 iq 10 10
26 20 26 26

9 9 9 0
12 15 15 15 15
21 20 20 20 29
9 Q p Q 0
6 6 0
5

3

12 9

9 9
32 29 29 29
9 9 9 9
9 9 9 0
0
A- JL_i

9
29
9
9
3

9
29
0
0

JL
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Devlc© Number
12 ^1? 14 15 TS- 17 id 1? 20 21 22

question

4

5

6

7

Motivation
Seatwork
Pairwork
Teacher-lead
drill
Group pfara©
No Answer

15 4 14
0 15 2
0 4 0

12 12 ;2 6
2 2 0 1
4 4 . 0 4

21 17 ?3 12 12 20 26 6
5 1 2 4 4 0 4 7
0 0 0 7 7 9 P 7

Once
0
1 3
Dally
12 i«> 1 5
Intermittantli -29 ?5 3& 3?
No Answer
0 0 0 0
Immediately
With Several
tries
With consid¬
erable
. practice
Never
No Answer

3 3 3 3
ip 10 10 10
8 10 10 10

6
5 Q
33 25
0 10
3

2

3

4

20 20 U

0

p

0

0

0

0

24 1
P 6
10 25
7 P

6
7
7

6
7
7

6
7
7

l
d
25
0

i
6
25
0

1
6
25
0

20 20 20 20 20
14 0

0

P

0

%

12 20 22 18 18 2p 7
10 0 0 0 0 2 0
17 1^ 15 3 3 2 0

1$ 18 18 18
0 0 0 0
3 3 3 3

Yes
J8 J8 ?8 35 33 36 36 36 36
?4
No ... 7 3 3 3 3 6
5 5 5 5
No Answer
o c l2 [£ jl. 0 0 0 0 0 0

•
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